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MISCELLANEOUS HIGH-RESOLUTION SEISMIC-REFLECTION RECONNAISSANCE SURVEYS 
IN THE MISSISSIPPI VALLEY GRABEN: WESTERN TENNESSEE, NORTHEAST 

ARKANSAS, AND SOUTHEAST MISSOURI

by

Jack K. Odum, William J. Stephenson, Eugene A. Luzietti, 
Kaye M. Shedlock, David M. Worley, and Robert A. Williams

INTRODUCTION

The northern Mississippi Embayment was rocked by hundreds of small 
earthquakes and three high-magnitude events during the winter of 1811-1812. 
Although a large amount of the regional strain energy may have been dissipated 
by the three large earthquake events, an instrumentally defined pattern of 
concentrated modern seismic activity (the New Madrid seismic zone (NMSZ)) 
still exists within the northern Mississppi Embayment (fig. 1) (Stauder and 
others, 1976; Johnston and Nava, 1990; Chiu and others, 1992). The NMSZ, 
geographically encompassing parts of southeastern Missouri, western Tennessee, 
and northeastern Arkansas, is largely confined within the aeromagnetically and 
gravitationally defined boundaries of the Mississippi Valley graben, a crustal 
flaw beneath the Mississippi Embayment in the central United States. The NMSZ 
is widely recognized as being the most seismically active region east of the 
Rocky Mountains (Thomas, 1991; Johnston and Nava, 1990).

Even though the 1811-1812 New Madrid earthquakes are thought to be among 
the strongest historical events to have occurred within a stable continental 
setting (Johnston and Kanter, 1990), very little surficial and(or) near- 
surface deformation exists today to document this sequence of strong ground- 
shaking events. Thick deposits of unconsolidated Quaternary-Hoiocene alluvium 
and lateral planation, accompanied by cut-and-fill channeling of the ancestral 
and modern Mississippi and Ohio Rivers, make it difficult to identify evidence 
of seismogenic deformation in the near-surface strata. The most common and 
widespread surficial evidence includes sandblow deposits and fissures, 
earthquake-induced landslides along river bluffs, sunken terrain (sloughs), 
and small (generally less than 10 m) upwarps.
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Figure 1. Regional map of the northern Mississippi Embayment showing 
Mississippi Valley graben boundaries and inferred plutons (Hildenbrand, 1985), 
Blytheville arch (Hamilton and McKeown, 1988), and epicenters (crosses) of 
earthquakes of M > 1.5 (Andrews and others, 1985).



One component necessary for evaluating the seismic-hazard potential of 
the New Madrid seismic zone (NMSZ), with respect to the urban centers and 
industrial complexes of the upper Mississippi Embayment, is an understanding 
of the style, extent, mode of origin, and age of near-surface (surface to 1 km 
deep) deformational features (warping and faulting) and their relationship to 
deeper rift fault systems. To facilitate this understanding, the U.S. 
Geological Survey (USGS), in cooperation with the Center for Earthquake 
Research Information (CERI-Memphis State University), the University of 
Arkansas, and Southern Illinois University, acquired over 100 km of Mini-Sosie 
high-resolution seismic-reflection data during the 1990 and 1991 field 
seasons.

These Mini-Sosie surveys generally targeted surficial features (observed 
on airphoto and remote-sensing images) of possible seismogenic origin as well 
as structural anomalies observed on Vibroseis reflection profiles. 
Interpretations and discussions of the majority of these Mini-Sosie acquired 
profiles have been, or are in the process of being, published in the form of 
site-specific studies (Luzietti and Harding, 1991; Luzietti and others, 1992; 
Schweig and others, 1992; Sexton and others, 1992, VanArsdale and others, 
1992). This open-file report presents uninterpreted, stacked seismic 
sections, field acquisition parameters, and detailed survey location maps for 
previously unpublished profiles.

REGIONAL SEISMIC DATA

Different styles of seismic-reflection surveys have been used to image 
the Mississippi Valley graben structures. Interpretations based upon hundreds 
of kilometers of Vibroseis seismic-reflection surveys within the graben and 
across its boundaries have been presented by Crone and Brockman (1982), 
Hamilton and McKeown (1988), Hamilton and Zoback (1982), and Crone (1992). 
These Vibroseis records (5-second two-way travel time (TWTT)) provide an image 
of lower Paleozoic and upper Cretaceous strata deposited within and 
overlapping the subsiding graben structure. Primarily, the Vibroseis data is 
biased to accentuate two strong reflectors: (1) the major unconformity between 
lower Paleozoic carbonates and Upper Cretaceous strata and (2) the 
unconformity between the upper Cretaceous and Tertiary strata (Crone, 1992). 
However, poor resolution of upper Tertiary and Quaternary reflectors by the 
Vibroseis data make it impossible to resolve questions of near-surface (less 
than 1 km) deformation and faulting, hence the need for Mini-Sosie high- 
resolution seismic data.

MINI-SOSIE DATA ACQUISITION AND PROCESSING

The Mini-Sosie method typically uses three portable, hand-operated, 
nondestructive earth tampers (Wackers) as a source of random pulse energy



Sensors mounted on the footpads of each earth tamper transmit, by way of 
backpack-mounted radio transmitters, the exact impact time to a recording 
truck. For a single shot point, impact time signals and return data are 
stored in temporary memory. The seismic record written to tape for a specific 
shot point is produced by a cross-correlation process. This process time- 
shifts the return data sample, associated with an impact, to the equivalent 
sample of the initial impact, then sums the samples (Barbier, 1983; Wiles, 
1979). By summing as many as 2,000 seismic records obtained over a several- 
minute (2-3) time period, the Mini-Sosie method effectively reduces the 
effects of cultural noise sources (Stephenson and others, 1992).

The field operations used to obtain the data presented in this report 
are similar to those outlined by Wiles (1979), and Table 1 lists data- 
acquisition parameters for the individual profiles presented in this paper. 
All surveys used 28 Hz geophones. The surveys were generally conducted along 
dirt roads or the shoulders of paved highways, and were designed to image 
reflectors between 50 and 800 m in depth. Elevations for datum-statics 
corrections were surveyed to ±5 cm. The geometery used provided 12-fold 
common midpoint (CMP) coverage. The field data was processed with a standard 
sequence of processing steps outlined by Yilmaz (1987). These processing 
steps include tape reformat, spectral whitening before stack, CMP sort, 
constant velocity analysis, normal moveout corrections, residual stactics 
corrections, CMP stack, and post-stack gap deconvolution.

DATA PRESENTATION

Figure 2 shows the approximate location of the eleven Mini-Sosie high- 
resolution seismic-reflection profiles presented in this paper. Profiles 
GL-6, GL-30, GL-31, GL-32, and GL-33 image strata within a several-kilometer- 
wide zone representing the surface projection of the aeromagnetically and 
gravitationally defined northwest Mississippi Valley graben margin. Profile 
GL-14 targeted surface lineations southeast of Reel foot Lake. Profiles GL-26, 
GL-28, and GL-29 targeted the southeast margin of the Blytheville arch. 
Profile GL-25 is located toward the southwest end of the Crittenden County 
fault zone. The GL-34 reconnaissance line was located near the Fort Pillow 
test well and in an area generally lacking high-resolution data.

The appendix contains an enlargment of the USGS Topographic Quadrangle 
with the start and finish points of each profile marked. Each map is followed 
by an uninterpreted, migrated, and depth-converted profile.
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Figure 2. Approximate location (arrow point) of USGS Mini-Sosie seismic- 
reflection profiles presented in this report.
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MARMADUKE QUADRANGLE
ARKANSAS- MISSOURI 

15 MINUTE SERIES (TOPOGRAPHIC)

T 17N

SCALE 1-62500

CONTOUR INTERVAL 5 AND 20 FFET
UAIUM IS HI AN SLA LIVfL
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DIXIE QUADRANGLE
ARKANSAS-MISSOURI

7.5 MINUTE SERIES (TOPOGRAPHIC)
90*27'30"

GL-33

1000 2000 3000 4000 5000 6000

CONTOUR INTERVAL 5 FEET
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APPROX. DEPTH IN METERS



OOLDDUST QUADRANGLE
TENNESSEE-ARKANSAS 

7.5 MINUTE SERIES (TOPOGRAPHIC)

TENNESSEE

QUADRANGLE LOCATION

HE/4 OBCEOUA IB' QUADRANGLE -89% 50' BOSS IV SEOSS IV ot FTii-t-tr iv " '  * 
(ROSA) \\ *46 ASHPORTI./Mllf

1000 2000 3000 *000 MOO 6000

CONTOUR INTERVAL 40 FEET
DATUM IS MEAN SEA LEVEL
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